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RESEARCH MEMORANDUM

FLIGHT MEASUREMENTS OF WING LOADS ON THE
CONVAIR XF-92A DEITA-WING AIRPLANE

By Albert E. Kuhl and Clinton T. Johnson
SUMMARY

A flight investigation wes made at altitudes from 30,000 feet to
35,000 feet to determine the wing loads on the Convalr XF-92A airplane
over the 1ift range of the airplene at subsonlic and transonlc speeds.
The theoretical lift-curve slope for a delta wing waes calculated and
compared with the flight deta at a Mach mumber of 0.75.

The wing-penel characteristics display nonlinearities wlth increasing
angle of attack. The wing-panel bending-moment coeffilicient has nonlinear
characteristics throughout the angle-of-attack range, whereas the wing-
panel normel-force and plteching-moment coefficients become nonlinear at
the higher angles of attack.

In the low-1ift region, below the decrease in longitudinel stebility,
the wing-panel normal-force and pitching-moment coefflicients due to angle
of attack increase spproximastely 20 percent of the low~-speed values up to
& Mach nunber of 0.83 where the wing reaches its critical Mech number.
Above the wing critical Mach number, sbrupt changes teke place in both
perameters with indications of returning to the level of the low-speed
values at the highest Mach nunmbers tested. The lateral center of pres-
sure is located from sbout 42 percent to 45 percent of the wing-panel
semispan for the Mach number renge of these tests.

The wlng-panel normal-force, pltching-moment, and bending-moment
coefficients due to elevon deflection, determined in the low-1ift region,
decrease with increasing Mach number sbove & Msch nmumber nesr 0.75.

INTRODUCTION

As part of the cooperative Air Force——Navy—NACA flight resesarch
program the Nationsl Advisory Committee for Aeronautics utilized the
Convair XF-92A delta~wing airplane for flight investigations at the NACA
High-Speed Flight Station at Edwards, Calif.
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The primery purpose of these flight investigations was to evalusate
the handling qualities, lift end drag characteristics, serodynamic loads
and load distribution, control surface loeds, end buffeting characteristics.
During the test program the flight envelope of the alrplane was extended
to maximum 1ift and Mech number atteinsble. Stebllity considerations
necessitated the performsnce of these tests at high altitudes.

This paper presents the results of the measured aerodynamic loads
on the wing during wind-up turn maneuvers covering the Mach number range
from stall to transonle speeds.

SYMBOLS
BMy left wing-panel bending moment about wing-panel strein-
gage station, in-1b
bW/E span of left wing panel outboard of gage station, in.
C wi 1 bendl t f£ficient ———BMH
By ng-pane ending-moment cce clent, N ﬂ[ T
2 2
CBS' varigtion of wing-panel bending-moment coefficient with
elevon deflection, per degree, BCBW/%eL
(CBW) wing-panel bending-moment coefficient corrected to zero
Bep=0 elevon deflection, Cpy - (055' X aeL)
Cm!! /1+ wing-panel pltching-moment coefficient about querter chord
w My
of wing-psnel mean serodynsmic chord, ———S—-w——-
17 %
Cmm' variation of wing-panel pltching-moment coefficient with

angle of attack at zero elevon deflection, per degree,

Xy

o
Cmﬁ' varistion of wing-panel piltching-moment coefficient with
elevon deflection, per degree, TS‘L/E
e
L
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(CmEW ) wing-panel pitching-moment coefficient corrected to zero
. - T
8er=0 elevon deflection, Cmg (cma X aeL)
CNA alrplane normel-force coefficient, %g
CRy left wing-penel mormal-force coefficient, —i-
q SH
2
CNG’ variation of wing-panel normal-force coefficient with
angle of attack at zero elevon deflection, per degree,
Loty
B2
CNS‘ varistion of wing-panel normel-force coefficient with
elevon deflection, per degree,
.&eL
(C.Nw) wing-penel normel-force coefficient corrected to zerc
BeL=0 elevon deflection, Cpy - (CNSI X 53]3)
ey chord at any sectlon, £t
By mean serodynamic chord of the wing panel, 1T7hk.4t in.,
by /2
f ew2dy
0
by /2
ewdy
o

acceleration due to gravity, f£t/sec2

left wing-panel =serodynemlic load, 1b

free-stream Msch nunber

Fo=ogo

left wing-panel pltching moment sbout the quarter chord
of wing-panel mean serodynamlic chord, in-1b
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n normal~load fector, g units

qQ free-stream dynamic pressure, Ib/sq ft

8 total wing area, including ares projected through fuselsge,
425.0 eq £t

Sw/2 area of left wing panel outboard of strain-gage station,
137.1 sq £t

t time, sec

W alrplene gross weight, 1b

ha distance slong span, in.

¥ wing-panel lateral center-of-pressure location at zero

cp elevon deflection, percent of by/2

o indiceted angle of attack, deg

SeL left elevon position, deg

8 pitching velocity, radiens/sec

pitching accelersation, radians/sec2

(M

ATRPLANE

The Convelr XF-92A 1s a semltallless delta-wing airplane having a
60° sweepback at the leading edge of the wing and vertical stabilizer.
The wing~elevon combination and tbe vertical tail have a streamwlse
thickness ratio of 6.5 percent. The elevons and rudder are full-span
constant-chord surfaces with small unshielded horn balances near the
tips. Control surfaces are actuated by & 100-percent hydraulically
boosted system. The ailrplane has no dive brekes end no leading- or
trailing-edge flaps or slats.

A three-view drawing of the alrplane is shown in figure 1 and photo-
graphs are shown in figure 2. Teble I lists the physical characteristics
of the sirplane. '
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INSTRUMENTATION AND ACCURACY

The XF-92A elrplsne was equipped with standard NACA recording
instruments for recording the following guantities pertinent to this
investigation: :

Airspeed

Altitude

Normal, longitudinal, and trensverse saccelerations
Pitching sngulear velocity and acceleratlon
Rolling angular veloclty end eccelerstion

Control positions

Angle of attack and asngle of sideslip

A multichannel oscillograph was used for recording strain-gage outputs.
All instruments were correlated by & common timer.

Strain geges were installed on the wing spars and skin st the wing
root (approximately 4 inches outbosrd of the wing fuselage juncture as
shown in fig. 1)} to measure shear, bending moment, and torque. The data
presented in this paper have heen corrected for the inertia of the wing
and are therefore the aerodynamic loads acting over the wing panel.

Besed on the results of the statlic calibration and an evaluation of the
strain-gage responses in flight, the estimated accuracies of the measured
shear, bending moment, and torque are #300 pounds, 17,000 inch-pounds,
and 25,000 inch-pounds, respectively.

Indlicated angle of attack was measured by a vane located on the
nose boom and wes corrected only for deflectlions of the boom. The esti~
mated accuracy of the angle-of-attack recorder is 10.59. Accuraciles of
other pertinent recorded quantities are:

Mach nmer’ M - - . - - - - - - - - - L ] - - L] . . - L] - a - L L] to.ol
Normal acceleration, n, g units . . . 10.05
Elevon position, Ser, G€& =« « « ¢ 4 @ o o o o .o ot 0 0. . $0.20

Pitching velocity, B, radlans/sec « « « « « ¢ « s « « « « o« « - 10.02
Pitching ascceleration, 8, radians/sec2 . v « v v « « o« « « « o « 0.05

TESTS

The tests were conducted in & clean configuration with no wing
fences installed on the airplane. The tests consisted of longitudinal
elevon pulses and wind-up turns over the Mach number range from 0.43
to 0.95 at altitudes from 30,000 feet to 35,000 feet. Reynolds numher,
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based on the wing mean aerodynamic chord, varied between 21.7 X 106

and 48.9 x 10 for these tests. The center of gravity of the alrplane
varied between 27.2 and 28.7 percent of wing mean aerodynamic chord.

PROCEDURE

The wing-panel normal-force, pitching-moment, and bending-moment
coefficlents due to elevon deflection CNSI’ Cma', and CBS' were

determined from ebrupt elevon deflection msneuvers. The wing-panel
coefficients were determined from the portion of the pulse where the
surface deflection reached approximately meaximum velue and the airplane
response to the control input was minimm. All measurements were taken
before the angle of attack had changed more then 1/4°. A change of
angle of attack of this magnitude would cause estimated errors of gbout
30 percent in CNS‘ and 20 percent in Cmar based on the wvalues of

wing-panel normsl-force coefficient snd piltching-moment coefficient due
to angle of attack cNd' and Cmm' determined from this investigation.

The error in CBS' was estimated to be epproximetely 30 percent.

The perameters Ci ' and ' were derived from wind-up turn
NO‘..

maneuvers by subtracting the normal-force and pitching-moment coefficients
due to elevon deflection from the measured data obtalned during the maneu-
vers. The resultant normel-force and pitching-moment coefficients,
corrected to a condition of zero elevon deflectlion, were plotted against
angle of attack and least-squares slopes were calculated to yleld Cna‘

and. Cmm'.
The wing-panel lateral center of pressure for zero elevon deflec-

tion Yep Wwes determined by dividing the wing-panel bending-moment coef-
ficient (waa by the wing-panel normal-force coefficilent

(CNW) 5} eL=O )

SeL=O

RESULTS AND DISCUSSION

Data from longltudinal elevon pulses are shown in figure 5 as the
varlistion with time of left elevon position, wing-~puanel normal-force,
bending-moment, and pitching-moment coeffilcients, pitching velocity,
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and angle of attack. From these meneuvers the wing-panel coefficients
due to elevon deflection OCpny', Cmg'; and CBB’ were determined by

dividing the measured incremental velues of wing-panel normsl-force
coefficient, wing-panel pitching-moment coefficient, and wing-panel
bending-moment coefficlent by the corresponding elevon deflection. The
portions of the maneuver used in determining CNB', Cma', and CBG'

are indicaeted by the solid lines on figure 3. Only this initiasl portion
of the meneuver was used in order to reduce errors caused by a change
in angle of attack.

The parameters Cng', Omg', 2nd Cpg' (fig. &) remain constent

with increasing Mach number up to a Mach number of spproximately 0.75,
then decrease as higher Mach numbers sre reached. The parameter CNB'

changes from a level of 0.024, over the lower Mach number range, to a
value of 0.005 at a Mach number of 0.95, while Cmﬁ' and CBB‘ change

from levels of -0.01l and 0.0l at the lower Mach numbers to values
of -0.005 end 0.005, respectively, at a Mach number of 0.95.

Data from wind-up turns st representative Mach numbers are shown
in figure 5 as the variation wlth time of Mach number, anguler pitching
acceleration, wing-panel pitching-moment, bending-moment, and normal-
force coefficlents, airplane normal-force coefficient, left elevon
position, end angle of attack. The XF-92A sirplane experiences a reduc-
tion in longitudinal stebility at the higher angles of attack (ref. 1).
The angle of attack at which the reduction oecurs is shown in the figures
by the verticel line gbove the curves. During the low-speed turn shown
in figure 5(a) & reduction in longlitudinal stebility was not apparent
end no vertical line is shown above the angle-of-attack curve, Above
the angle of attack of the reduction in longitudinal stablility the air-
plane experiences relstively lerge pltching accelersastions.

Figure 6 shows the data of figure 5 as a function of angle of attack.
The eangle of attack &t which the alrplane experienced a reduction in lon-
gitudinal stebility 1s agein indicated by the vertical lines gbove these
curves. Nonlineer variations with angle of attack are apparent in the
wing-panel characteristies particularly at the higher angles of attack
gbove the reduction in stebility. Nonlinear veristions ere also evident
in the airplane normel-force-coefficlient and elevon-positlon curves.

To remove the effects of elevon deflection and eveluete the effect
of angle of attack on the wing-panel normel-force- and pitching-moment-
coefficient curves, the data of figure 6 were corrected to & condition
of zero elevon deflection by using the previously determined values
of CNS‘ end Cma'. The varlation of the wing-panel normal-~force and

pitching-moment coefficients, corrected to zero elevon deflection, with
L
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engle of attack 1s shown in figure 7 with the angle of attack of the
airplane stablllty boundary sesgain indicated by the vertlcel line sbove
the curves. These curves are essentiazlly linear up to the angle of
attack of the reduction in airplane stegbility and become nonlinear
thereafter with irregular charscteristics occurring near the pitch-~up.
The region sbove the reduction In airplane stabllity is characterized
by lerge angular pltching and rolling accelerations. Therefore, it is
assumed that the corrections applied to the data sbove the stabllity
boundary ere not valid since they were obtained by using values of CNS'

and Cn%' measured in the low-1ift reglon. However, the corrected data

indicate that at the higher angles of attack ebrupt changes cccur in the
normel-force~coefficient data caused by either CNS' or Cyx ', with
Q@

similar changes occurring in the pltching-moment-coefficient data caused
by either Cma' or Cmu'. Trends simlilar to those of the corrected deata

in the upper 1lift reglon have been reported in reference 2 from wind-
tunnel tests at zero elevon deflection of a 6-percent-thick delta-wing
having 60° leading-edge sweepback. In determining values of O’

and Cma.‘ only the data below the sirplane stabllity boundery, where
the data are essentially linear, were considered. The values of CNoc,'
and Cmm‘ for the low-lift reglion were determined by teking least-

squares slopes of the date in figure 7. The slopes obtained by this
method are shown on the curves. The values of Cp, ' and Cp ' obtained

for the low-1lift region from the slopes drawn in figure T are presented
in figure 8 as the variation of Cch,' and Cmal' with Mach number.

The parsmeter CN.' increases gradually from a value of about C.0U5
Ne

8t & Mach number of 0.47 to a value of sbout 0.053 at a Mach number
of 0.83, followed by & rather sbrupt increase to a peak value of about
0.062 at a Mach number of 0.88. Thereafter Cp,' sabruptly decreases

to about 1ts low-speed wvalue at a Mach number nesr 0.91.

The theoretical value of the lift-curve slope of the wilng panel in
the presence of the fuselage at a Mach number of 0.75 was calculated by
the method of reference 3 and is shown in figure 8. The results indicate
good sgreement between the theoretical and the flight wvalues.

The parameter Cp ' (fig. 8) shows & simllar variation, incresasing

gradually from a value of ~0.007 &t & Mach number of 0.4k7 to & value
of -0.0085 at a Mach number of 0.83. A more gbrupt increase in Cma.'

then takes place reaching & peak value of about -0.0125 at & Mach nunber
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of 0.88. Thereafter Cma‘ decreases to a value of about -0.010 et =
Mach number of 0.91. The abrupt changes in the parameters CN@' and Cmm'
near a Mach number of 0.83 occur nesr the wing critical speed (ref. L).

Figure 9 shows the variation of wing-panel bending-moment coefficient
and lateral center of pressure with wing-psnel normel-force coefficient
for zero elevon deflection at representative Mach numbers. The point of
reduction of airplane stabllity is indicated by the vertical line above
each of these curves. All the bending-moment-coefficient curves display
a similar trend, & general rounding over throughout the 1ift range, which
becomes more pronounced at normal-force coeffliclents sgbove the reduction
in airplesne stebility.

The generel rounding over of the bending-moment curves is reflected
as a gredual inboasrd movement of the lateral center of pressure with
increasing 1ift. At low and moderate 1lifts the center of pressure 1s
located from sbout 42-percent to 45-percent wing-psnel semispan over the
Mach number range of these tests.

CONCIUSIORS

Flight measurements of the wing loads on the Convair XF-Q2A air-
plane over the Mach number range from 0.43 to 0.95 have indicated the
following:

1. The wing-pesnel chareacteristics generally displey nonlinearities
with increasing angle of attack. The wing-panel bending-moment coef-
ficient has nonlinesasr characteristics throughout the angle-of-attack
renge, whereas the wing-panel normal-force and pitching-moment coeffi-
clents become nonlinear at the higher eangles of attack.

2. The wing-panel normsel-force and pitching-moment coefflcients
due to angle of attack increase spproximately 20 percent of their low-
speed values up to a Mach number of 0.83 where the wing reaches i1ts
critical Mach number. Above this Mach number gbrupt changes take place
in both parameters wilth indications of returning to a level near their
low-speed values at the highest Mach numbers tested. The latereal center
of pressure is located from sbout 42 percent to 45 percent of the wing-
panel semispan for the Mach number range of these tests.
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3. The wing-panel normal-force, pitching-moment, and bending-moment
coefficients due to elevon deflection, determined in the low-1lift region,
decrease with lncreassing Mach number sbove & Mach number near 0.75.

High-Speed Flight Station,
Nationeal Advisory Committee for Aeronsutics,
Edwards, Calif., March 23, 1955.
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TABLE T

PHYSICAL CHARACTERTSTICS OF THE XF-92A ATRPLANE

BPEN, FE 4 o « o bt e s e e s e s e e s e ae e 31L.35%
ALrfoil BeCtiOn « « « « 4 + . . o e e e et e e s e e e ... HACA E5(06)-006.5
Meen sorodynamic chHOrd, £ o « o « o o & 2 « o 2 « s @ * ¢ 4 o s a4 o 6 s v e e 8 18.09
ABpect TBEIO o 4 o ¢ o ¢ 6 4k ks e @ 4 8 e s e s e s e e e e s e e s o 2.31
Roob chord, ££ o ¢ ¢ o o« ¢ ¢ o o 2 e o 6 o o s & « ¢ o a s o a s a o o« = v s o s = 27.13
TID ChOT@ o o o + o o « & =  « o« s s o & a ¢ o o a ¢ s a = 6 a s o a & s s o o s @ Q
Taper Ta8blo o o ¢ ¢ « ¢ & o ¢ o ¢ v & 8 s w2 s 6 e e s m e s e s e e s e e ]
Sweepback (leading edge), d8E « « « « ¢« o o« s o o = 2 ¢ & 2 o s s o o a v s 8 o 60
Incidence,; d®Z e« v ¢ « 5 ¢ ¢ o ¢ o 5 ¢ o o v @« s = «a 5 a ¢« s s ¢« s ¢ s & 8 & 0 8 = [s]
Dihedrel (chord PIane), d8E « o« o ¢ o = = « « s o s = « « o « s o o« ¢ ¢ s v s o # [¢]

Wing panel:

Arem, 8@ ft 4« « ¢« ¢ ¢ o 4 4 s .. .
Span, in. s s s e e s e s
Mean sercdynamic chord, in. “ e e
Fuselage stetion of leading edge of
megn esrodynsmic ckord, in. . .

....:-.................. 150.9

“ e s s s e e ma e e st e e s s e 174,

Elevons:
Area (total of both elevons rearward of

hinge Lin@), B8Q £t « o « o « o o = ¢ o« ¢ s o = s s 0 o 2 o e s s s 0 8 ¢ 6 0 a 76.19
Horn-balence srea (totel of bath elevons Fforwerd

of hinge LIn@), S £E & « = = « o « = o o o o = ¢ s s v s ¢ 0 6 o s 2 00 o v = 1L
Span (one elevony); £5 « o o o « o ¢ ¢ 2« e o s v s u s s e s s e s s e e s 13.35
Chord (rearward of hipge line, constant

‘except 8L LID); FE 4 4 s e h e s b e s e a ma e e e s s s s e e e s 3,05
Movement, deg
Elevator:

TP e oo o

DOWI 2 o o = ¢ o a = ¢ & s 2 2 o 2 2 ¢« @ ¢ a s = 4 s s« 2 = « s s s 0 s s o & » 5
Afleron, BotBl « = o ¢ & ¢ 5 ¢ s 2 4 4 4 e 5 6 6 s a s s a s a8 s e 10
OperatiOfl « « o ¢ & « ¢« s o ¢ ¢ = = = o « o s a s s o = » s ¢ o s a v s « o s o« Bydraulic
Verticel tall:

Area, 5 £t (exPOSEA) v 4 4 4 4 ¢t 4 4 s st s e e s e s e n e e e T5.35
Helght, ebove fuselage center 1Ine, f£ .« . ¢ ¢« ¢« o s ¢ ¢ o ¢ « » ¢ s « a & . . 1L.50
AMrfoll BECHION « ¢ « o o o s o+ s ¢ o s n e o s e s e e oo o FACKE5705)-006.5
Meen esrodynemic chord, IN.  + < o o » ¢ s = o ¢« 5 o 0 s s s 8 0 8 s 8 s s e 167.5
Aspect TBEIO . 4 ¢ @ ¢ 4 o o o 2t b ¢ 4 e s e s b e s a s s e a e e s e s s e s 2.31
Root chord, in. @ 5 s 8 % 8 = a4 8 & % o 8 e a8 e s s e e s s e s e s s e = ass 21.2
TIPp ChOTd ¢ « o = = 2 s = = @ o « o ¢ 4 ¢ o o & s a o s a ¢« o « s ¢ o« o « s s s & = Q
Taper TBEIO o« ¢ « « 5 o ¢ o o a ¢ 5 & & = a 8 » 2 a 6 & 2 o 6 s s a & ¢ 8 5 e [+
Sweephack {(leading €dge), dOE « = « o o o « ¢ = s « o & o o ot 4 2 s e 4 6o e 60
Rudder:

Aremy, 8@ Tt o ¢ o ¢ 4 ¢ s ¢ 6 % s e s s a s e s 6 s e 4 s s 2 e s e s e s e e 15.53
Y 9.22
Travel, ABZ « « o o = o o s s o s+ o o s o 8 s s o o b 4 s u s w s e s ane s 8.5
Operation « « « ¢ o 2« ¢ « ¢ « ¢ ¢ o & v & a« @ 8 s o s s s e e s s a8 v s e s o s o Hydraulic

Fuselege:
Iongthy £f o o o o o« « o s « « s & o 3 6 s o 8 2 s o a ¢ s a 8 s e 8 s v 05 v & L2.80
Maxirpm dfemeter; F£ o ¢ « o ¢ 2 a o v « ¢ s o o o » o 2 o 8 ¢ « 8 a8 « s e e a® 5.58

Power plant:
ENgine « ¢ o o o ¢ o v e s s b a e s o6 s s s au e+ MlHpon J53-A-29 with afterburner
Rating:

Stetic thrust at sea 1evel, Th o . o o ¢ ¢ ¢ o = ¢ 2 s = o « s o s ¢ o s = s o 5,600
Stetic thrust el sea level with afterbwrner, 1b « ¢ o o ¢« « ¢ o o = s ¢ ¢ ¢ o & T 2500

Welght:
Gross welght (560 g8L fUSL), 1B 4 o « « o o o o = « s o o« = o ¢ o a o 2 s o o o o = 15,560
Bopty welght, 1D « « o o v s ¢ o s o ¢ ¢ o = = ¢ « 8 5 2 ¢ s 8 3 o o a v a2 s 11,808

Centar-of-gravity locations:

Grose welght (%60 gal fuel), percent M.AuwCe ¢ 4 ¢ ¢ « 2 4 o o o o s s s 2 o o « = 25.5
EBrmpty welght, percent MeAdCu &« & ¢ ¢ o « o ¢ ¢ o o s ¢ o ¢ 6 ¢ ¢ 0 s o ¢ s v a a @ 29.2
Moment of imsrtia In piteh, BLug-f£2 . & ¢ 4 ¢ 4 C 4 b e et . e du s s e e s 35,000
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Figure l.- A three-view drawling of the XF-92A asirplane. All dimensions
in inches.
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L-87923
(b) Three-quarter rear view. (c) Overhead front view.

Figure 2.- Photographs of XF-92A research slrplane.
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Figure 4.- Verlation of normel-force, pitching-moment, and bending-moment
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